
346 .

4
0
U3
N

NATIONAL

TECHNICALNOTI?)S

ADVISORYCOMMITTEEFORAERONAUTICS

NO.346

. .

.

Washington
July, 1930 AFMDC

TECWWML IJB!’MFN
AFL 2811

.



4

*

&~E~~ig
NATIONALADVISORYCOMMITTEEFORAERONAU~17X3”.—

TECHNICALNOTENO,346.

SPANLOADDISTRIBUTION01$TWOMONOPLANEWINGMODELS

ASAFFECTEDBY TWISTANDSWEEPBACK.

ByMontgomeryKnightandRichardW. Noyes.

Summary

Theresultspresentedinthisnoteshowtheeffectoftwist

andsweepbackon thespanloaddistributionovertwomonoplane

wingmodels.ThetestsweremadeintheAtmosphericWindTunnel

oftheLangleyMemorialAeronauticalLaboratory.
●

Thedataaxe

takenfromtheresultsofan investigationdealingprimarilywith
t“

lateral.stability.A6presented,theyaresuitableas-an

thestructuraldesignofcertaimmonoplanewings.

Indesigning

andefficiency,a

Int r o due t i o n

an,airplanewingformaximumstructural

knowledgeof theactuald~stribution.of

aidin

stiety

theair

loadsalongthespanisessentisl.Ifthewingisprovidedwith

eithertwistor sweepback,thedistributionisnolongerthesame

asfora straightwing.However,comparativelylittleinform-

tionastothechangesthusproducedhasbeenpublishedheretofore

Thisreporthasbeenpreparedforthepurposeofmakingavail-

ablefordesigna limitedamountofdataontheaerodynamicch=-.
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acteristicsoftwomonoplanewingmodelsasaffectedby changes

intw%standsweepback.,Theresultsaretaken

pressuredistributiontestsmadeprimarilyfor

alstability.Thetestswereconductedinthe

froma serieSof

thestudyoflater-

AtmosphericWind

TunneloftheLangleyMemorial

1)0

Models.

Aeronautical.Laboratory(Reference

andTests

Theshapesof thetwosemi-spanmodelsandthelocationsof

thepointsatwhichthepressuresMeremeasuredareshowninFig-

ure.1. Oneofthemodels,whichwasdesignatedtheN.A.C.A.84

wing,hadtheN.A.C.A,84 airfoilprofilefromtheroottothe

tip. Theother,theN.A.C.A.86wing,hadtheN.A.C.A.84pro-

fileattherootandthesy~etricalN.A.C.A.-l&lprofileatthe

tip. TheseprofilesazeshowninFigure1, andtheirordinates

inpercentof chord~e giveninTablesI and11. Asmaybe seen

fromthefigure,bothwing~hadessentiallyrectangularplanforms

exceptattheextremetipswhichweresodesignedthatanYtip

crosssectionnormaltothemeancambexlinewasa semicircle

whosediameterwasthewingthicknessatthatsection.

Topermitgivingthewingsthedesiredamountoftwist,a

specisltypeof

Up of 3/16inch

of symmetryand

ningspanwise.

constructionwasnecessary.Eachwingwasmade

mahoganylaminationsmountedparallelto theplane

clampedtogether‘bytwolonginternalboltsrun-

BYlooseningtheboltsandrotatingthel~in~

tionsrelativeto eachotherthrougha smallangle,anYdesired
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geometrictwistup to15°wasobtainable.TheIIstepsllonthe

surfaceOfthewingformedby thelaminationsslippingpasteach

otherwerefairedoverwithplasticize.

Thesweepbackadjustmentwasmadeby

itsmountingbracketaboutan axisnorml

rotatingthewingin

tothemidspanchordat

its50percentpointandlyingintheplaneofsymmetryk

The~emi-spanwingmodelswereusedinconjunctionvritha

separationplsmeasshownin Figure2, whichisa viewofthetun-

nelset-uplookingupstream,Thismethodhasbeenusedalmost

exclusivelyinmakingpressuredistributiontestsinthiswind

tunnelandisbasedontheassumptionthattheimaginsxyplaneof

symmetryofthewingcanbe replacedwithanactualplanesurface

withoutaffectingtheflow. Itthenbecomesnecessaryto study

onlyone-halfofthewingmodel,T~eresultsobtainedby this

methodoftestinghavecheckedsatisfactorilywiththeresultsof

othermethods,showingthattheassumptionisreasonablyv&Lid.

Theapparatusandtestprocedureingenerslaredescribed

inReference2,withtheexceptionofthemanometer.Thisinstru-

mentwasunusualinthatitwasdesignedto integrateautomatic-

allythepressuresovereachtestsectionsoastogivethetotal

sectionloadina singlereading.A detaileddescriptionofthe

principleofoperationandof thedesignof

bepublishedina laterreport.

Thetestprogramoneachwingincluded

\ bles:

theinstrumentwill

thefollowingvaria-



.

n

*

*

N.A.C.A.TechnicalNoteNo.346 4

1. Geometrictwist- washin= 5°,
0Wa$hOUt= 0°,5°,10*,15 ,

2. Sweep- sweepforwaxd= 20°,10°,

sweepback= 0°,10°,20°,

testedatanglesof attackof therootsection= -9°,-6°,-3°,

0°,3°,6°,9°,12°,15°,189,21°,24°,2~0,30°.

Duringallteststhedynmicpressurewasheldconstantat

1.25poundspersquarefoot,correspondingto anairspeedof

about22m.p.h.,anda ReynoldsNumberof160,000.

Results

Theresultsarepresentedinabsolutecoefficientformin

thefollowingtwogroupsofcurveswhichshowtheeffectsof

twistandsweepbackon”thetwomonoplanewingmodels:

1. Semi-spanloaddistribution(Figs.3 to6).

2. Normalforceversusangleofattack(Figs.~ to10)0

Inthe”firstgroupthreestandardloading’conditionsused

in structuralanalysisarerepresented,viz.,nosedive,lowan-

gleof attack,andhighangleof attack.Theseconditionsare

takenasoccurringat CNF= O, 1./4max.CNF and mSXSCNF, ~e-

spectively.Thedatafromwhichthesecurveswereplottedare

giveninTablesIIIandIV.

To determinethemagnitudeof

unitspan,3?1,for6.nYgivenset

thesectionnormalloadper

ofconditionsshowninFigures

,



.

N.A.C.A.TechnicalNoteNo.346. 5

3 to6, thefollowingequationmaybeused:

NI = q o c~j#

where cNFt = absolutecoefficientof sectionnormalforce,

c = chord,

q= dynamicpressure,

ThetotelnormalforceN, on a wingmaybe obtainedfrom

thedatainthesecondgroupof curvesasfollows:

N= q~~F

where cm = absolutecoefficientoftotal
NJ - normalforce,.
s = total.areaofwing.

* Zngeneral,thedatamaybe consideredaccurate

*5 percent.

LangleyMemorialAeronauti~alLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,June23,1930.
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2, Reid,ElliottG. : PressureDistributionOverThickTapered
Airfoils,N.A.C.A.81,U.S.A.27-CMod-
ified,andU.S.A.35. N.A.C.A.Tech-
nicalReportNo.229(1926).
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N*A,

Wing
Condition

Straight

5°washin

59Washout

10°washout
.

.

. 15°washout

20°sweep-
forward

10°sweep
forwsxd

10°sweepback

20°sweepback

!.A.84Se

lemi-span
CNF

‘o “
l/4max.
max.

o
1/4KnaXd
illaxe

0
l/4max.
max.

o
1/4max.
max.

o
l/4max.
max.

0’
1/4msx
max.

o
1/4max.
max.

o“
lj+max.
max.

o
1/4max.
msx.

TABLEIII

tionNormalForceCoefficients

sec.
A
.000
●440
1.550

-,03Q
.400
1.5L0

+0040
●465
1.570

+*080
● 515
1.555

+.108
.530
1.570

+.028
.395
1,340

+.02y
●430
1.425

1-.020
.406
1.52?

+.010
.390
1.612

——

sec.
B
+.010
.384
1.573

+qo2~
.425
1.364

-.025
.380
1.600

-.060
.310
1.548

-.070
●2E5
1.533

-.011
.354
1.613

+.006
.380
1.579

-*002
.380
1.345

-1’.001
●350
1.340

cN~t

secb
c

* 000
k300
1.473

+.050
,395
1*430

-●040
.275
1.468

-.096
.152
1.28?

-.155
.070
1●2yo

-.010
.284
1.570

-.020
.315
1●510

-.026
.295
1.290

-.002
● 308
1.164

-,015
●230
1.230

u;005
.244
1.256

-.112
.125
1.155

-.187
.045
1.015

-.250
-.035
.964

-.015
.250
1.461

+.025
●246
1*344

-.002
● 212
1.060

-.002
.207
● 897

sec.
E
+.012
.16Q
1.396

-I-.005
.244
1.600

-;05a
●11O
I~308

-.145
.052
1.139

-.168
.,000
1.208

-,140
.250
2.552

-.089
.206
2.0~3

-I-.018
.065
.630

,000
.016
.078

.

r
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TABLEIt

N.A.C.A.86 SectionNormslForceCoefficient

Wing
condition

Straight

5°washin

5°washout

. 10° WaShOUt

15°washout

20°sweep
forward

10°sweep
forward

10°sweepback

20°sweepback

Semi-span
CNF

~.
1/4maxi
max.

o
1/4max.
max.

o
1/4m&b
max.

o
1/4Max*
ma~

o
1/4max.
max.

o
1/4max.
max.

o
1/4mti.

max.

o
1/4max.
max.

o
1/4max.
max.

c~F1

see.
A
.078
● 400
1.282

*020
.335
l*ly5

● 115
● 430
1.292

●150
.458
1,342

●190
.510
1.355

.080
● 410
1.190

●050
.385
1,25?

●047
● 35&
1.235

.060
,350
1.255

see;
B

z-m
&225
10160

-b020
;“268
1.058

-JOGO
b240
1*1~2

-i080
,200
1●l~o

-,140
.176
1.200

-.038
.242
1.086

-e105
.200
1.110

-.075
.235
l.oyo

-.060
.211
.996

sec.
c

-.130
.165
.995

-.030
.230
.940

-.180
.090
.935

-.220
.024
,919

-.338
-.054
.900

-.108
.185
1.046

-.130
●130
.93’1

-.105
.156
.822

-.112
.140
.721

sec.
D
-bo94
b100
6795

-.030
●150
.845

-+160
●030
*720

-.200
-.030
.661

-m300
-.123
.625

-.08~
●122
.912

-.105
●090
,880

-.082
.090
.670

-.094
c100
.590I

sec.
E’.
-~089

●037
●913

-.020
.090
1,025

-+140
-.012
.y30

-.180
-.045
.644

-,322
-.118

● 555

--0194
.185
1.770

-.190
,070
1.290

-*020
.020
.305

-.020
S030
.260
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Continuedon
nexttwopages,

%3--0 ~—o-—~cJ —o---o
Sec.D

,,

ko-—o-.~o~a--a
Sec.A

Fig.1,
Oontinued,

a=N.A.C.A.
b= N.A.C.A.

84Tip
86Tip

. . .

Fig.1 Orifioe
locations

andprofileor-
dinatesfor
N.A.C.A.84and
lt.A.CI.A. 86
senispan
wingnodels.
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N.A.C.A.84Profile

TableI.
Profile 1

ordiq
Stations
in90
chord

~—
1.25
2.50.
5.00
7.50
8.50
10.90
15.00
20.Go
25.00
3C●00
35,,)0
40,00
50.00
60..00
70.00
8C!.OD
90.00
95.00
LOO.00

*
4.85
6.05
7.78
9.03
.-.

10.00
11.50
12.71
13.51
14.00
14.18
14.11
13.50
12.31
10.32
7.71
4.39
2.41
,.30

Lower
L..>0
.95
,““:1
●lo
‘2.U

“;

;
o

:
0
0
0
0
0

:
0

Fig.1

1.30$
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. 5.46$9.28$ 12.30$$ 12.3C$9.28$S.45%

.

.

N.A.C.A.86Profile .
RootsectionN.A.C.A.84
TiesectionN.A;C.A.M2—s––

. Table11
Profilordinates

1

Statlons~.A.C.A.
in%
chord
o

1.25
2.50
5.00
7.50
8.50
10.00
15:00
20●00
25.00
30.00
35.00
40.00
60.00
60.00
70.00
80.00
90.00
95.00
LOO● 00

%%75
4.85
6.05
7.78
9.03
---

10.00
11.50
12.71
13.51
14.00
14.18
14●11
13s50
12.31
10.32
7.71
4.39
2.41
.30

Jower

T5cr
.95
●41
.10
.02
0
0
0
0
0
0
0
0
0
0

:
0
0
0

I
N.A.c. A. M3

+
1.30
1.74
2.33
2.74
---
3.05
3.49
3.78
---
4.03
---
4.00
3.74
3.30
2.71
1.99
1.15
.69
.20

Lo~er

-1.:0
-1.74
-2.33
-2.74
‘---

-3.05
-3.49
-3.78
---

-4.03
---

-4.00
-3.74
-3.30
-2.71
-1.99
-1.15
-.69
-.20

-1.30$

.—

.
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Fig.3

20 40
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loaddistribution.

60 80. 100
setispan

N,.A.C.A.84semispan

.



N.A.C.A.TechnicalNote1{0.346 Fig.4I

I i r r
2.4

t
I

2.2

f
2.0

CNF’ Il.

1.8 t,
Max.CNF\ \

1.6 - ‘ “ --- ‘. I-0
—- - .. \ . II

-.
1

+ ;- !

1.4
\\ . /.-

x
. / ~ !

,0 -- .-
/

/ .
K

+ ,b
\ /

1.2 -
/ .—

‘> ,
\

\

e. s-t
ra~ E@ w. ng

\
, i

20 : s Q7e C$Qforyiqzd, \+_1 .“CI._ ,~._ ._ ~ i I I 1/1—-+———1
— w—-—-2($ I I I I ‘\l\31cu--LJ-- J–-l--LILLlL.

.8 I It

\

\

\

.6 ,;

I
..

.2

Ro1>t, 1 \— 9
—*U o 20 40 60 80 100

~ senispan
Fig.4Effectof sweeponN.A,C.A.84seuispanloaddistribution.



,

●

N.A.C.A. TechnicalNoteNo.346 Fig.5

1

1

CNF t

_ _ _ _

.2
I .-

%

b .

— ‘o—.—. 50~~
—.&--

.6— — — .
---___- .

.4,

‘*
2“.

. —.- ~ -
●4 ROot , Ty~)1 8 ?
0 20 40~ 80 100

~ ~emispan
Fig.5EffectoftwistonN.A.C.A.86 senispan

loaddistribution.



*
i?.A.C.A.TechnicalNoteHo.346 Fig.6

1.8

1,6
UNFI

1.4

1.2

1.0

,8

.6

.4

.2

0

-.2

.

-- - -. --

. .. \

y
\

)

I
\ i\

I .\

7

0 20 40 60
“%S::ispan

100

Fig.6 Effectof sweep-”ofi~.A.C.A.86semispan
loaddistribution.



. . . .

1.4
./

{ /
1.2 / /

cm /;
/ /“

1.0
f “

/ /
P

/ /
/

/
/

/ ./ =4
/

/
.0 / / / /

~ig.’? EffsctOf /.
tviBton ..

/ /’/ / / o

thetotalnormal / +‘. ‘ lx
force V8. angle ,6. /h, /
of attaok. %+

&$Y*
. .

4 /
1..

/
/
/ / k

.2- / .%
// -

/ ❑

/
/“

/
/

/“
0

/ /’ /
) /

/
/

/
t

-.2-
3

-6) -.: -40 0 0 ,0
m

12
0

150 :00
.

a qd 0 <

.



. . . . . .

.

1.4

1.2

1.0-
cm

.8.

Fig.8Effec’b6
of

wmep onthe
~otalnomalc~
forcevs.
angleof
attack.

.2

0
yI#

~’
-. 2

7:8ti -40 00 4° 8° ,6120 16° 200 240 28°

.

.
c1
.

.

.

?0



● ✎ ✎ ✎

I

. .

1.2
L-=

\P-. \ =

/“/“
-n LAZ .

1*C /‘ / c1

,,/,/
1/ \ 1

cm / , /

/ / /‘.8~

/ / / $/ E
b / ,-

/
/

/ / ‘/

:
P

.6 i 9 .4
0d
0

.4
c ~

.
cd
i%

.2“
//

Fig.9 Effect
/of twisto. /

on the total /
}“/ ‘ /

normal forcevs. / /
angle of / /

,f

attack. -.2 ; 4 / l?.A.c.A.36$ / r

/
) /

/
t

4
/

/~ “

%!
-. I

9’
# &’

/ “a

-.6“ -8° -ho 00 40 @ ;a 12? lGO 200 z40 28°



“ .

.,.

.L. d

1*O

.8

(!~F

.6

.4

.2
Fig.10 Effect

of
sweepotithe ~
totalnormal
forcem,
angleof
att~k.

-.2

-4 4

.,
-. 6,

. . . .

N. A.C.A.E6 c1
w

.

/
t

-8°


